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AASHTO PROVISIONAL STANDARDS

This is the eighteenth edition of the AASHTO Provisional Standards. The publication includes a complete set of
current protocols containing a total of 66 Provisional Standards. A chronology of the year-to-year status of the
Provisional Standards during the past eight years is included immediately following the Table of Contents. A
complete chronology is available on our website at http://downloads.transportation.org/chronological summary.pdf.

All Provisional Standards are approved for publication by the AASHTO Highway Subcommittee on Materials. The
format for the Provisional Standards was developed by AASHTO in 1993, with an objective of providing a
mechanism for early distribution of materials specifications and test methods resulting from SHRP and other
research. Provisional Standards are standards which have been adopted by the Highway Subcommittee on Materials
on a temporary basis for a maximum of eight years. At any time during the eight-year period, the Subcommittee can
ballot to convert a Provisional Standard into a Full Standard.

A Provisional Standard is initially approved for two years by a vote of the Subcommittee. At the end of two years
and four years after the initial approval, the Technical Section of the Subcommittee responsible for the Provisional
Standard can extend its life by a voice vote or letter ballot for an additional two years. At the end of six years and
seven years after the initial approval, the Subcommittee can extend the Provisional Standard’s life by a voice vote or
letter ballot for an additional one year. If a Provisional Standard fails any extension vote, it is discontinued. At the
end of eight years, the Subcommittee can ballot a Provisional Standard for adoption as a Full Standard or the
Provisional Standard is discontinued.

The time period used to maintain the provisional status is used for the refinement of these standards on the basis of
the comments received from the users and other reviewers. It is planned that the Provisional Standards contained
herein will be considered by the Highway Subcommittee on Materials for inclusion in future editions of the
Standard Specifications for Transportation Materials and Methods of Sampling and Testing, either as “Provisional
Standards” or possibly as “Full Standards” as presented or in amended form, if the Subcommittee so decides in its
balloting.

The Subcommittee, so far, has converted 83 Provisional Standards into Full Standards. These Standards are now
regularly published in AASHTO’s Standard Specifications for Transportation Materials and Methods of Sampling
and Testing. At the same time, over a period of 20 years, 40 Provisional Standards did not receive the
Subcommittee’s approval. These standards, therefore, are excluded from this publication.

Future editions of A4SHTO Provisional Standards will be published and released, as necessary.

In keeping with the concept of AASHTO Provisional Standards, comments on the Provisional Standards included in
this edition are welcome and should be directed to AASHTO at the address stated below.

American Association of State
Highway and Transportation Officials
444 North Capitol Street, NW, Suite 249
Washington, DC 20001
www.transportation.org
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Detectable Warning SUITACES .........ccveiieriieiieiie ettt MP 12-1
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Concrete Reinforcement and DOWEIS............ooouiiiiiiiiiieieceeee e MP 18M/
MP 18-1

Evaluation of Adhesive Anchors in Concrete Under Sustained Loading Conditions .... TP 84-1
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Continuous Thermal Profile of Asphalt Mixture Construction .............cceeeververeerrereennnns PP 80-1
Intelligent Compaction Technology for Embankment and Asphalt Pavement
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PAINTING AND TRAFFIC MARKING AND SIGNING

Waterborne White and Yellow Traffic Paints ...........cocoeeiieiiieiiniiic e MP 24-1
Determination of Size and Roundness of Glass Beads Used in Traffic Markings by

Means of Computerized Optical Method ...........ccooieviieiiiiiiieieeiceeeceec e PP 74-1
Determination of Heavy Metal Content of Glass Beads Using X-Ray
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Collecting Images of Pavement Surfaces for Distress Detection ............ccoecveeeeevenieennen. PP 68-1
Determining Pavement Deformation Parameters and Cross Slope from Collected

Transverse ProOfiles.......c.ooiiiiiiieiei e PP 69-1
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Measurement of Tire/Pavement Noise Using the On-Board Sound Intensity
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MP 15 |Reclaimed Asphalt Shingles 2d % % Y v % v % 7 v Delete
MP 16 |RCA Used in Portland Cement 1c v v v. v v d v v v v v
MP 17 |Pavement Ride Quality 5a % PP 51 & 7 Reconf.| Vv v R 54 Full Std
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MP 21 |PP Pipe, 330- to 1500-mm diam. 4b v 7 v % M 330 Full Std
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Standard Specification for

Detectable Warning Surfaces

AASHTO Designation: MP 12-04 (2013)" DA S H|D

THE VOICE OF TRANSPORBATION

1. SCOPE

1.1. Detectable warnings provide a distinctive surface of truncated domes detectable by cane or
underfoot to alert people with vision impairments of the transition to vehicular ways. These
warnings compensate for the sloped surfaces of curb ramps that remove a tactile cue provided by
curb faces.

1.2. It is not the intent of this specification to relieve the supplier from the final responsibility to
provide an appropriate product for the intended function, nor is it intended to specify all the design
details. The objective is to provide a sufficiently detailed specification such that the function
establishes a standard geometry of the detectable warning surface.

2. REFERENCED DOCUMENTS

2.1. The Access Board, Accessibility, Guidelines and Standards. Revised Draft Guidelines for
Accessible Public Rights-of-Way. November 23, 2005. www.access-board.gov/prowac/draft.htm.

3. TERMINOLOGY

3.1. detectable warning—A surface feature built in or applied to walking surfaces or other elements to
warn of hazards on a circulation path.

4, DETECTABLE WARNING SURFACES

4.1. General—Detectable warnings shall consist of a surface of truncated domes aligned in a square or
radial grid pattern and shall comply with the following requirements:

4.11. Dome Size—Truncated domes in a detectable warning surface shall have a base diameter of 0.9 in.
(23 mm) minimum to 1.4 in. (36 mm) maximum, a top diameter of 50 percent of the base diameter
minimum to 65 percent of the base diameter maximum, and a height of 0.2 in. (5 mm).

4.1.2. Dome Spacing—Truncated domes in a detectable warning surface shall have a center-to-center
spacing of 1.6 in. (41 mm) minimum and 2.4 in. (61 mm) maximum, and a base-to-base spacing
of 0.65 in. (16 mm) minimum, measured between the most adjacent domes.

4.1.3. Contrast—Detectable warning surfaces shall contrast visually with adjacent walking surfaces
either light-on-dark or dark-on-light.

4.1.4. Size—Detectable warning surfaces shall extend 24 in. (610 mm) minimum in the direction of
travel and the full width of the curb ramp, landing, or blended transition.
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4.2, Location:

4.21. Curb Ramps and Blended Transitions—The detectable warning surface shall be located so that
the edge nearest the curb line is 6 in. (150 mm) minimum and 8 in. (205 mm) maximum from
the curb line.

4.2.2. Rail Crossings—The detectable warning surface shall be located so that the edge nearest the
rail crossing is 6 in. (150 mm) minimum and 8 in. (205 mm) maximum from the vehicle
dynamic envelope.

4.23. Platform Edges—Detectable warning surfaces at platform boarding edges shall be 24 in.
(610 mm) wide and shall extend the full length of the platform.

! This provisional standard was first published in 2004.
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Standard Specification for

Reclaimed Concrete Aggregate
(RCA) for Use as Coarse Aggregate
in Hydraulic Cement Concrete

" - " 1
AASHTO Designation: MP 16-13 AASH[O
1. SCOPE

1.1. This specification covers coarse aggregate derived from reclaimed concrete for use in hydraulic
cement concrete. The specification is not intended for use when lightweight, high-density, or other
specialty concrete applications are required. When aggregate materials are properly processed and
manufactured to the requirements of this specification, combined and mixed in accordance with
the appropriate requirements, and placed, consolidated, and cured properly, a concrete structure of
acceptable strength and durability can be produced. Introducing reclaimed concrete aggregate
(RCA) into concrete, however, requires the use of quality control and quality assurance procedures
to ensure that deleterious materials that might be present in the reclaimed concrete aggregate will
not adversely impact the quality of the concrete product.

1.2. Best practice applications for using reclaimed concrete aggregate in concrete shall consist of
concrete pavements, cement-treated base courses, sidewalks, median barriers, curbings, and other
nonstructural applications.

Note 1—Caution should be exercised if reclaimed concrete aggregate is considered for use in
structural applications. The presence of deleterious materials and the variability in the source
concrete may produce inconstant volumetric properties and affect the properties of the concrete
produced. Two properties of concern include dimensional stability and creep.

1.3. Because reclaimed concrete aggregate is a recycled material, various state and local jurisdiction
laws and regulations may be applicable. The user of this specification is cautioned to contact state
and local environmental and other local regulators to determine what requirements are appropriate.

2. REFERENCED DOCUMENTS

2.1. AASHTO Standards:

M 43, Sizes of Aggregate for Road and Bridge Construction

M 80, Coarse Aggregate for Hydraulic Cement Concrete

T 2, Sampling of Aggregates

T 11, Materials Finer Than 75-um (No. 200) Sieve in Mineral Aggregates by Washing
T 19M/T 19, Bulk Density (“Unit Weight”) and Voids in Aggregate

T 27, Sieve Analysis of Fine and Coarse Aggregates

T 85, Specific Gravity and Absorption of Coarse Aggregate

T 96, Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in
the Los Angeles Machine
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T 103, Soundness of Aggregates by Freezing and Thawing

T 104, Soundness of Aggregate by Use of Sodium Sulfate or Magnesium Sulfate

T 112, Clay Lumps and Friable Particles in Aggregate

T 113, Lightweight Pieces in Aggregate

T 161, Resistance of Concrete to Rapid Freezing and Thawing

T 260, Sampling and Testing for Chloride Ion in Concrete and Concrete Raw Materials

T 303, Accelerated Detection of Potentially Deleterious Expansion of Mortar Bars Due to
Alkali-Silica Reaction

T 327, Resistance of Coarse Aggregate to Degradation by Abrasion in the Micro-Deval
Apparatus

2.2. ASTM Standards:
B C 125, Standard Terminology Relating to Concrete and Concrete Aggregates

B C 227, Standard Test Method for Potential Alkali Reactivity of Cement-Aggregate
Combinations (Mortar-Bar Method)

B C 289, Standard Test Method for Potential Alkali-Silica Reactivity of Aggregates (Chemical
Method)

B C 295, Standard Guide for Petrographic Examination of Aggregates for Concrete

B C 342, Standard Test Method for Potential Volume Change of Cement-Aggregate
Combinations (Withdrawn 2001)

B C 586, Standard Test Method for Potential Alkali Reactivity of Carbonate Rocks as Concrete
Aggregates (Rock-Cylinder Method)

B C 856, Standard Practice for Petrographic Examination of Hardened Concrete

B C 1293, Standard Test Method for Determination of Length Change of Concrete Due to
Alkali-Silica Reaction

B D 6928, Standard Test Method for Resistance of Coarse Aggregate to Degradation by
Abrasion in the Micro-Deval Apparatus

3. TERMINOLOGY

3.1. The definitions of concrete and concrete aggregate terms used in this specification are provided in
ASTM C 125. The term “reclaimed concrete aggregate,” as used in this specification, shall mean
coarse aggregate material derived from the crushing, processing, and classification of hydraulic
cement concrete construction debris recovered from roadways, sidewalks, buildings, bridges, and
other sources.

4, ORDERING INFORMATION
4.1. The purchaser or specifier shall include the following information in the purchase order or contract

documents:
4.11. Reference to this specification and year of issue,
4.1.2. Grading to be furnished (AASHTO Size No.) (Section 6.1),
4.1.3. Soundness testing requirement (Section 7.2),
4.1.4. Class designation of aggregate (Table 1),
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4.1.5. Whether the restriction on reactive materials applies (Section 7.3),

4.1.6. Additional testing requirements, and

4.1.7. Any exceptions or additions to this specification.

5. SAMPLING

5.1. Sample reclaimed concrete aggregate in accordance with T 2.

6. GRADING AND PROPORTIONS

6.1. Coarse reclaimed concrete aggregate tested in accordance with T 27 shall conform to the coarse
aggregate gradation requirements prescribed in M 43 for the size number specified in the contract
documents.

Note 2—Generally, there is no reason that reclaimed concrete aggregate should have gradation
requirements that differ from natural or conventional aggregate materials.

Note 3—The ranges shown in M 43 are, by necessity, very wide in order to accommodate
nationwide conditions. For quality control of any specific operation, a producer should develop an
average gradation for the particular source and production facilities, and control the gradation
within reasonable tolerances from this average. Where coarse aggregate sizes numbers 357 or 467
are used, the aggregate should be furnished in at least two separate sizes.

7. PHYSICAL PROPERTIES

7. Reclaimed concrete aggregate shall have a maximum Los Angeles abrasion loss of 50 percent,
measured in accordance with T 96.

Note 4—T 327, Micro-Deval, may be required in lieu of T 96 if the specifying agency has
experience with the procedure and has established limits.

7.2 Reclaimed concrete aggregate soundness testing shall be conducted in accordance with T 104 at
5 cycles. The maximum limit for soundness shall be 12 percent if sodium sulfate is used and
18 percent if magnesium sulfate is used.

Note 5—Reclaimed concrete aggregate can be susceptible to sulfate attack when tested for
soundness using sodium sulfate or magnesium sulfate solutions, resulting in higher than expected
soundness loss values (particularly when sodium sulfate solution is used in the test procedure).
Sulfate solution test methods (T 104) should be applied if local experience has shown these
methods to be acceptable; however, alternative approaches may be used.

7.3. Reclaimed concrete aggregate for use in concrete that will be subjected to in-service wetting,
extended exposure to humid atmosphere, or contact with moist ground shall not contain any
materials that are reactive with alkali components in the cement in an amount sufficient to cause
excessive expansion of mortar or concrete. Except, if such materials are present in injurious
amounts, the coarse aggregate may be used with the addition of a material that has been shown to
prevent harmful expansion due to the alkali-aggregate reaction. Alkali reactivity shall be tested in
accordance with T 303 when alkali-silica reaction is suspected, and in accordance with ASTM
C 586 when alkali-carbonate reaction is suspected.

Note 6—If the source and history of the reclaimed concrete aggregate are known and no reactive
failures were present in the source concrete, testing for reactive expansion may not be necessary.
However, unless a precise history is known, the source concrete may have not been exposed to all
elements required to cause reactive expansion, and the reclaimed concrete aggregate may be
reactive. See Appendix X2 for a discussion of alternative test methods. Mitigation methods found
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to work with natural reactive aggregates may not be effective with potentially expansive RCA.
Aggregate that gave satisfactory performance in the original concrete may not continue to do so
when used as RCA in new concrete. Consider the contribution of alkali from the RCA in addition
to the alkali from the new hydraulic cement.

7.4, Reclaimed concrete aggregate for use in concrete that will be subjected to freeze-thaw action shall
not contain aggregate components that expand and result in D-cracking of the concrete. When
potential D-cracking is suspected, the reclaimed concrete aggregate shall be tested in accordance
with T 161.

Note 7—In areas where D-cracking is a significant problem and agencies have developed
equivalent test methods, local methods of testing may be used. Acceptance criteria for T 161 and
equivalent methods should be based on local criteria that have been developed to address the issue
of D-cracking.

7.5. Reclaimed concrete aggregate shall meet the flat and elongated particle requirements of the
specifying jurisdiction.

7.6. Reclaimed concrete aggregate shall be tested in accordance with T 85 to establish the specific
gravity and absorption. For specific gravity, the total variability of tests from minimum value to
maximum value shall not exceed 0.100; and for absorption, the total variability of tests from
minimum value to maximum value shall not exceed 0.8 percent.

Aggregates that have specific gravity and absorption values that fall outside of these limits shall be
stockpiled separately, and the limits stated above shall apply to the new stockpile.

Note 8—Testing of specific gravity and absorption may not be necessary during production of
aggregate if the reclaimed concrete is from one source with known aggregate properties.

Note 9—Coarse reclaimed concrete aggregate may contain air-entrained concrete mortar and,
therefore, may be highly absorptive and can exhibit low and highly variable specific gravity
values. Utilizing highly absorptive aggregates (coarse and fine) that do not exhibit consistent
specific gravity values in hydraulic cement concrete can adversely affect the weighing and
batching process in the concrete production operation. Further discussions of this issue are
presented in Appendix X1.

8. DELETERIOUS SUBSTANCES

8.1. Reclaimed concrete aggregate shall not contain clay lumps and friable particles, chert, coal and
lignite, or other deleterious substances that exceed the maximum allowable amounts listed in
Table 1 when tested in accordance with T 112, T 113, and ASTM C 295.
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Table 1—Limits for Deleterious Substances and Physical Property Requirements of Reclaimed Coarse Aggregate
for Concrete

Maximum Allowable %

Sum of Clay Lumps, Friable

Class Clay Lumps and Chert (Less Than Particles, and Chert (Less Other Deleterious
Designation” Friable Particles 2.40 sp gr SSD)* Than 2.40 sp gr SSD)° Substances” Coal and Lignite
A 2.0 3.0 2.0 0.3 0.2
B 3.0 5.0 3.0 0.3 0.2
C 3.0 8.0 5.0 0.3 0.2

The engineer may supplement the requirements of Table 1 by placing limits on the amount of deleterious substances or physical properties in accordance with
local experience and practice.

Aggregate conforming to the requirements for the various classes designated in Table 1 should generally be suitable for the following uses:

Typical Uses (Suggested) Weathering Exposure Class of Aggregate

Concrete pavements, cement-treated base courses, sidewalks, median barriers, Severe A

curbings, and other nonstructural applications Moderate B
Negligible C

The purchaser or specifier must indicate the class of aggregate to be furnished as the degree of weathering exposure is not precisely defined.

These limitations apply only to aggregate in which chert appears as an impurity. They are not applicable to gravels that are predominantly chert. Limitations on
the soundness of such aggregate must be based on service records in the environment in which it is used.

Other deleterious substances include adherent fines, vegetable matter, plastics, plaster, paper, gypsum board, metals, fabrics, wood, brick, tile, glass, and
bituminous materials. The percentage of these materials shall be determined in accordance with ASTM C 295 or other equivalent method approved by the
specifying jurisdiction.

Note 10—The presence of deleterious materials in aggregates used in the production of hydraulic
cement concrete could adversely affect concrete setting time, strength, or both, and could also
induce expansive reactions that could result in premature deterioration of the concrete structure.
As a result, strict quality control and quality assurance procedures are required to ensure that
reclaimed concrete aggregate material used as coarse aggregate in the production of concrete will
not adversely affect the quality of the concrete product.

8.2. Reclaimed concrete aggregate shall not contain more than 1.5 percent by mass of material finer
than the 75-pm (No. 200) sieve in accordance with T 11.

8.3. Reclaimed concrete aggregate, when sampled and tested according to T 260, shall not contain
chloride ion in excess of 0.6 1b per cubic yard of concrete.

9. QUALITY CONTROL

9.1. If the contractor/supplier wishes to use reclaimed concrete aggregate, or combinations of
reclaimed concrete aggregate and other approved aggregate materials, a request shall be made to
the engineer for approval. The percentage of combined materials shall be established as part of a
pre-submitted blended aggregate combination. At the engineer’s discretion, revised hydraulic
cement concrete mix designs shall be required when percentages of materials change.

Note 11—A revised concrete mix design is recommended when percentages of materials change.

The reclaimed concrete aggregate will likely have a different specific gravity and absorption than
the virgin aggregate.

9.2. The contractor/supplier of recycled concrete aggregate shall develop and implement a quality
control plan for aggregate production.

9.2.1. The quality control plan shall detail the production procedures, testing methods, and testing
frequencies that will be used to ensure that recycled concrete aggregate meets the requirements
of this specification.
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9.2.2. The quality control plan will detail the production procedures and methods to ensure consistent
production of aggregate from reclaimed concrete.

9.2.3. Detail methods to ensure that reclaimed concrete source materials are not contaminated with
extraneous solid waste or hazardous materials. Methods and criteria for examining reclaimed
concrete materials prior to use should be established.

9.3. Stockpiling will be required to assist in qualitatively and quantitatively identifying the presence
of deleterious materials. Stockpiling can also be used as a means to qualitatively assess the
uniformity of the material. The stockpile may represent all or part of the material to be used on a
project and should be constructed in a manner that will minimize segregation and permit visual
examination and representative sampling of the material.

94, If reclaimed concrete aggregate is blended with other approved aggregates, this shall be
accomplished by mechanical interlock blending or belt blending to ensure uniform proportioning.

Note 12—Other methods of blending shall be permissible if it can be demonstrated through
sampling and testing that the alternate blending method will prevent segregation.

9.5. Reclaimed concrete aggregate shall be saturated with water for a time period that is sufficient to
saturate all particles, prior to introducing the reclaimed concrete aggregate into a concrete mix, by
means of a water sprinkling system or another approved method. At the time of batching, the
reclaimed concrete aggregate shall contain water in excess of the saturated surface-dry condition.
Provision shall also be made for the free drainage of excess water.

APPENDIXES

(Nonmandatory Information)

X1. SPECIFIC GRAVITY AND WATER ABSORPTION

X1.1. The specific gravity of reclaimed concrete aggregate from different sources can be expected to
vary. Such fluctuations in specific gravity properties are undesirable in a concrete aggregate
material. Because concrete is batched on the principle of weighing the components, the effect on
the volume of material measured when the specific gravity varies may be significant. These
potential variations can affect the yield of the mix, the cement factor, and the engineering
properties of the concrete mixture.

X1.1.1. A technique to control the variability of specific gravity properties of reclaimed concrete
aggregate is to use the source approval method. In this approach, the state or other jurisdiction
specifies what materials within the limits of the project are suitable for recycling into reclaimed
concrete aggregate. The concrete to be recycled generally contains aggregate from one source,
where little variation in specific gravity can be expected.

X1.1.2. An alternative to the source approval approach is for the engineer to monitor the physical
properties of the fresh concrete, including yield, to determine if specific gravity variations result
in property changes. Standard practices of adjusting batch weights to correct yield should be
followed. A 3.0 percent variation in yield should require batch weight adjustments.

X1.2. Reclaimed concrete aggregate can be expected to exhibit higher and more variable water
absorption properties than conventional aggregates. This is due to the presence of a highly
absorptive mortar component of the original concrete material adhering to the aggregate particles.
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X1.2.1. The primary effect on the quality of the concrete manufactured using aggregate with high water
absorptive properties is to draw the free water that is present in the mortar of the fresh concrete
into the pore structure of the aggregate. The net effect of this process is to reduce the water in the
mortar, thus resulting in an early setting of the concrete and an early loss in workability.

X1.2.2. Because the fine portion (material passing the 2.36-mm (No. 8) sieve) of reclaimed concrete
aggregate will contain the predominant fraction of high-absorption material in the recycled
concrete aggregate, eliminating the fine portion from the source material can be utilized as a
means to mitigate this problem.

X1.2.3. High-absorption problems can be further mitigated by requiring that coarse reclaimed concrete
aggregate contains water in excess of the saturated surface-dry condition prior to mixing it with
cement and water. During this process, steps must also be taken to ensure that excess water readily
drains from the reclaimed concrete aggregate material. This process ensures that the internal voids
in the aggregate particles are filled with water at the time of batching of the concrete, eliminating
any additional water demand.

X2. METHODS FOR EVALUATING POTENTIAL REACTIVITY OF
AN AGGREGATE
X2.1. A number of methods for detecting potential reactivity have been proposed. However, they do not

provide quantitative information on the degree of reactivity to be expected or tolerated in service.
Therefore, the evaluation of the potential reactivity of an aggregate must be based upon judgment
and on the interpretation of test data and examination of concrete structures containing a
combination of fine and coarse aggregates and cements for use in the new work. For the test
methods listed in this appendix, note that the required aggregate gradation shall be obtained by
crushing the coarse RCA intended for use in the concrete. Fine aggregate produced from initial
processing of the reclaimed concrete has been found to inaccurately represent the reactivity of the
coarse RCA. A listing of suggested test methods follows:

X2.11. T 299-93 (2009)(discontinued)—This rapid test method is intended to be used in conjunction with
other tests to determine the presence of alkali-silica reaction (ASR) products in hardened concrete.
A solution of uranyl acetate is applied to the fractured surface of hardened concrete. The reagent
reacts with the sodium- and potassium-rich ASR gel present on the fractured surface of the
concrete in such a manner that the uranium ions are absorbed by these gels. If sodium- and
potassium-rich ASR gels are present on the fractured surface of the uranyl-acetate treated
concrete, the areas in which the gel is concentrated will effloresce a bright yellow-green.
However, both expansive and non-expansive sodium- and potassium-rich ASR gels will effloresce
after exposure to a uranyl-acetate solution. This test, therefore, can only be used as an indicator
that ASR may be present. A positive test then indicates that further evaluation is required. If
sodium silicates are present, the light will effloresce. The use of this test method may be restricted
by local environmental requirements because of the use of a uranyl-acetate solution.

X2.1.2. T 303—1In this 16-day test, hardened mortar bars consisting of portland cement and the crushed
suspect aggregate are subjected to submersion in a standard sodium hydroxide solution. The
specimens are measured both before and after the 16-day submersion in the solution. If the
specimens expand more than 0.10 percent, there is a strong probability that reactive aggregates
are present.

X2.1.3. ASTM C 295—Certain materials are known to be reactive with the alkalis in cements. These
include the following forms of silica: opal, chalcedony, tridymite, and cristobalite; intermediate to
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acid (silica-rich) volcanic glass such as is likely to occur in rhyolite, andesite, or dacite; and
certain constituents of some phyllites. Determination of the presence and quantities of these
materials by petrographic examination is helpful in evaluating potential alkali reactivity. Some of
these materials render an aggregate deleteriously reactive when present in quantities as small as
1.0 percent.

X2.1.4. ASTM C 289—This test method covers chemical determination of the potential reactivity of an
aggregate with alkalis in concrete as indicated by the amount of reaction during 24 h at 80°C
between 1N sodium hydroxide solution and aggregate that has been crushed and sieved to pass a
300-pum (No. 50) sieve and be retained on a 150-pum (No. 100) sieve. Test results from ASTM
C 289, which indicate that the aggregate is nonreactive, should not be used as a final determination
that the aggregate is indeed nonreactive. Many aggregates which react very slowly to cause
deleterious expansion from alkali-silica reactivity have tested as nonreactive in ASTM C 289. In
addition to ASTM C 289, the aggregate should be subjected to at least one of the following
additional tests: T 303, ASTM C 295, or ASTM C 1293.

X2.1.5. ASTM C 342—This test method is intended primarily for research concerning the potential
expansion of cement-aggregate combinations subjected to variations of temperature and water
saturation during storage under prescribed conditions of test.

X2.1.6. ASTM C 586—The reaction of the dolomite in certain carbonate rocks with alkalis in hydraulic
cement paste has been found to be associated with the deleterious expansion of concrete
containing such rocks as coarse aggregate. Carbonate rocks capable of such reactions possess a
characteristic texture and composition. The characteristic texture is that in which large crystals of
dolomite are scattered in a finer grained matrix of calcite and clay. The characteristic composition
is that in which the carbonate portion consists of substantial amounts of both dolomite and calcite,
and the acid-insoluble residue contains a significant amount of clay. This method has been
successfully used in (1) research and (2) preliminary screening of aggregate sources to indicate the
presence of material with a potential for deleterious expansions when used in concrete.

X2.1.7. T 161—This test method applies freeze-thaw cycling to hardened concrete samples. The object of
the test is to determine the potential of the aggregate used in the concrete to expand as a result of
freeze-thaw action.

X2.1.8. ASTM C 856—An effective method of determining the nature of aggregate materials to react with
alkali components of hydraulic cement to form alkali-silica reaction products is to perform a
petrographic analysis of hardened concrete. The suspect concrete material is cut with a diamond
saw into slices that are called thin sections. The thin sections are then studied with a petrographic
microscope to determine if a reaction has taken place.

X2.1.9. ASTM C 227—A relatively long test in which mortar bars containing the test aggregate and
cement are stored in sealed containers at 100°F for periods up to six months, or more. The test is
relatively slow and allows potentially deleterious aggregate or cement-aggregate combinations
to pass.

! This provisional standard was first published in 2007.
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Standard Specification for

Uncoated, Corrosion-Resistant,
Deformed and Plain Alloy, Billet-
Steel Bars for Concrete
Reinforcement and Dowels

AASHTO Designation: MP 18M/MP 18-09 (2013)’ AASHIO

1. SCOPE

1.1. This specification covers uncoated, corrosion-resistant, deformed and plain alloy, billet-steel
concrete reinforcement and dowel bars in cut lengths or coils, where corrosion-resistant
performance may be essential (Notes 1 and 2). The standard sizes and dimensions of deformed
bars and their number designations shall be those listed in Table 2 [Table 3].

Note 1—For coils of deformed bars, the capacity of industrial equipment limits the maximum bar
size that can be straightened.

Note 2—The degree of corrosion resistance needed for a specific use is dependent on both the
project’s environmental conditions and its application.

Comparative corrosion performance data in accordance with Section 11 and Annex A shall apply
only when specified by the purchaser.

1.2 Bars are of three minimum yield levels: 420 MPa [60,000 psi], 520 MPa [75,000 psi], and
690 MPa [100,000 psi], designated as Grade 420 [60], Grade 520 [75], and Grade 690 [100],
respectively.

1.3. Hot-rolled plain rounds, in sizes up to and including 50.8 mm [2 in.] in diameter in coils or cut

lengths, when specified for dowels, spirals, and structural ties or supports, shall be furnished under
this specification in Grade 420 [60], Grade 520 [75], and Grade 690 [100] (Note 3).

For ductility properties, test provisions of the nearest nominal diameter deformed bar size shall
apply. Those requirements providing for deformations and marking shall not be applicable
(Note 3).

Note 3—The weight for plain rounds smaller than 9.5 mm [*/s in.] in diameter shall be computed
on the basis of the size in ASTM A 510M [ASTM A 510].

Note 4—Welding of the material in this specification should be approached with caution since no
specific provisions have been included to enhance its weldability. When the steel is to be welded,
a welding procedure suitable for the chemical composition and intended use or service should

be used.

1.4. This specification is applicable for orders in either SI units (as Specification MP 18M) or in inch-
pound units (as Specification MP 18). SI units and inch-pound units are not necessarily equivalent.
Inch-pound units are shown in brackets in the text for clarity, but they are the applicable values
when the material is ordered to MP 18.
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2. REFERENCED DOCUMENTS

2.1. AASHTO Standards:
m M 31M/M 31, Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement
B T 244, Mechanical Testing of Steel Products
B T 285, Bend Test for Bars for Concrete Reinforcement

2.2. ASTM Standards:

B A 484/A 484M, Standard Specification for General Requirements for Stainless Steel Bars,
Billets, and Forgings

B A 510/A 510M, Standard Specification for General Requirements for Wire Rods and Coarse
Round Wire, Carbon Steel, and Alloy Steel

B A 700, Standard Practices for Packaging, Marking, and Loading Methods for Steel Products
for Shipment

B A 751, Standard Test Methods, Practices, and Terminology for Chemical Analysis of Steel
Products

B A 955/A 955M, Standard Specification for Deformed and Plain Stainless-Steel Bars for
Concrete Reinforcement

B A 1035/A 1035M, Standard Specification for Deformed and Plain, Low-Carbon, Chromium,
Steel Bars for Concrete Reinforcement

B E 29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance
with Specifications

2.3. Military Standards:
B MIL-STD-129, Marking for Shipment and Storage
B MIL-STD-163, Steel Mill Products Preparation for Shipment and Storage

2.4, Federal Standard:
B Fed. Std. No. 123, Marking for Shipment (Civil Agencies)

3. TERMINOLOGY
3.1. Description of Terms Specific to This Standard:
3.1.1. deformed bar—steel bar with protrusions; a bar that is intended for use as reinforcement in

reinforced concrete construction.

3.1.1.1. Discussion—The surface of the bar is provided with lugs or protrusions that inhibit longitudinal
movement of the bar relative to the concrete surrounding the bar in such construction. The lugs or
protrusions conform to the provisions of this specification.

3.1.2. deformations—protrusions on a deformed bar.

3.1.3. plain bar—steel bar without protrusions.

3.1.4. rib—Ilongitudinal protrusion on a deformed bar.

3.1.5. lot—Dbars of one bar number and pattern of deformation contained in an individual shipping

release or shipping order.
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4. ORDERING INFORMATION

4.1. Orders for material under this specification should include the following information:
4.11. Quantity (mass) [weight];
4.1.2. Name of material (uncoated, corrosion-resistant, deformed and plain alloy, billet-steel bars for

concrete reinforcement and dowels);

4.1.3. Size;

4.1.4. Cut length or coils;

4.1.5. Deformed or plain;

4.1.6. Grade;

4.1.7. Packaging (see Section 22);

4.1.8. AASHTO designation and year of issue; and
4.1.9. Certified mill test reports (if desired).

Note 5—A typical ordering description is as follows: “10-Mg, uncoated, corrosion-resistant,
deformed and plain alloy, billet-steel bars for concrete reinforcement and dowels, No. 25, 18 m
long, deformed, Grade 520, in secured lifts, to MP 18M-__ . Certified mill test reports are required.
[10-ton, uncoated, corrosion-resistant, deformed and plain alloy, billet-steel bars for concrete
reinforcement and dowels, No. 8, 60 ft 0 in. long, deformed, Grade 75 in secured lifts, to

MP 18- . Certified mill test reports are required.]”

5. MATERIALS AND MANUFACTURE

5.1. The bars shall be rolled from properly identified heats of mold cast or strand cast steel.

6. CHEMICAL REQUIREMENTS

6.1. The chemical analysis of each heat shall be determined in accordance with ASTM A 751. The

manufacturer shall make the analysis on test samples taken preferably during the pouring of the
heat. The percentages of carbon, chromium, copper, manganese, molybdenum, nickel, nitrogen,
phosphorus, silicon, sulfur, and vanadium shall be determined and reported as required in
Section 20.

6.2. The analysis of the heat shall be made by the manufacturer and shall conform to the analysis
tolerances specified in Table 1 of ASTM A 484/A 484M when compared to the chemistry reported
in Annex A, Section A1.6.3.

6.2.1. A product check made by the purchaser shall conform to the analysis tolerances specified in
Table 1 of ASTM A 484/A 484M when compared to the chemistry reported in Annex A,
Section A1.6.3.

6.3. The chemical composition as shown by heat analysis shall be limited by Table 1.
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Table 1—Maximum Chemical Constituents
(Weight %) Except as Indicated

Element Amount
Carbon 0.15%
Chromium 9.2% (Min)
Manganese 2.0%
Nitrogen 0.20%
Phosphorus 0.045%
Silicon 1.0%
Sulfur 0.030%
7. REQUIREMENTS FOR DEFORMATIONS
71, Deformations shall be spaced along the bar at substantially uniform distances. The deformations

on opposite sides of the bar shall be similar in size, shape, and pattern.

7.2. The deformations shall be placed with respect to the axis of the bar so that the included angle is
not less than 45 degrees. Where the line of deformations forms an included angle with the axis of
the bar from 45 to 70 degrees inclusive, the deformations shall alternately reverse in direction on
each side, or those on one side shall be reversed in direction from those on the opposite side.
Where the line of deformation is greater than 70 degrees, a reversal in direction is not required.

7.3. The average spacing or distance between deformations on each side of the bar shall not exceed
seven-tenths of the nominal diameter of the bar.

7.4. The overall length of deformations shall be such that the gap between the ends of the deformations
on opposite sides of the bar shall not exceed 12.5 percent of the nominal perimeter of the bar.
Where the ends terminate in a longitudinal rib, the width of the longitudinal rib shall be considered
the gap. Where more than two longitudinal ribs are involved, the total width of all longitudinal
ribs shall not exceed 25 percent of the nominal perimeter of the bar; furthermore, the summation
of gaps shall not exceed 25 percent of the nominal perimeter of the bar. The nominal perimeter of
the bar shall be 3.14 times the nominal diameter.

7.5. The spacing, height, and gap of deformations shall conform to the requirements prescribed in
Table 2 [Table 3].
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Table 2—Deformed Bar Designation Numbers, Nominal Masses, Nominal Dimensions, and Deformation
Requirements, SI Units

Nominal Dimensions” Deformation Requirements, mm
Maximum Gap
Bar Cross- Maximum  Minimum (Chord of 12.5%
Designation ~ Nominal Mass,  Diameter, Sectional ~ Perimeter, Average Average of Nominal
No.” kg/m mm Area, mm’ mm Spacing Height Perimeter)
10 0.560 9.5 71 29.9 6.7 0.38 3.6
13 0.994 12.7 129 39.9 8.9 0.51 4.9
16 1.552 159 199 49.9 11.1 0.71 6.1
19 2.235 19.1 284 59.8 13.3 0.97 7.3
22 3.042 222 387 69.8 15.5 1.12 8.5
25 3.973 254 510 79.8 17.8 1.27 9.7
29 5.060 28.7 645 90.0 20.1 1.42 10.9
32 6.404 323 819 101.3 22.6 1.63 12.4
36 7.907 358 1006 112.5 25.1 1.80 13.7
43 11.38 43.0 1452 135.1 30.1 2.16 16.5
57 20.24 57.3 2581 180.1 40.1 2.59 21.9

¢ Bar numbers approximate the number of millimeters of the nominal diameter of the bar.

» The nominal dimensions of a deformed bar are equivalent to those of a plain round bar having the same mass per meter as the deformed bar.

Table 3—Deformed Bar Designation Numbers, Nominal Weights, Nominal Dimensions, and Deformation
Requirements, U.S. Customary Units

b

Nominal Dimensions Deformation Requirements, in.

Maximum Gap

Bar Cross- Maximum  Minimum (Chord of 12.5% of
Designation ~ Nominal Weight, = Diameter, Sectional Perimeter, Average Average Nominal
No.” 1b/ft in. Area, in.? in. Spacing Height Perimeter)
3 0.376 0.375 0.11 1.178 0.262 0.015 0.143
4 0.668 0.500 0.20 1.571 0.350 0.020 0.191
5 1.043 0.625 0.31 1.963 0.437 0.028 0.239
6 1.502 0.750 0.44 2.356 0.525 0.038 0.286
7 2.044 0.875 0.60 2.749 0.612 0.044 0.334
8 2.670 1.000 0.79 3.142 0.700 0.050 0.383
9 3.400 1.128 1.00 3.544 0.790 0.056 0.431
10 4.303 1.270 1.27 3.990 0.889 0.064 0.487
11 5313 1.410 1.56 4.430 0.987 0.071 0.540
14 7.65 1.693 2.25 5.32 1.185 0.085 0.648
18 13.60 2.257 4.00 7.09 1.58 0.102 0.864

Bar numbers are based on the number of eighths of an inch included in the nominal diameter of the bars.
The nominal dimensions of a deformed bar are equivalent to those of a plain round bar having the same weight per foot as the deformed bar.

8. MEASUREMENTS OF DEFORMATIONS

8.1. The average spacing of deformations shall be determined by measuring the length of a minimum
of ten spaces and dividing that length by the number of spaces included in the measurement. The
measurement shall begin from a point on a deformation at the beginning of the first space to a
corresponding point on a deformation after the last included space. Spacing measurements shall
not be made over a bar area containing bar marking symbols involving letters or numbers.

8.2. The average height of deformations shall be determined from measurements made on not fewer
than two typical deformations. Determinations shall be based on three measurements per
deformation, one at the center of the overall length and the other two at the quarter points of the
overall length.
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8.3. Insufficient height, insufficient circumferential coverage, or excessive spacing of deformations
shall not constitute cause for rejection unless it has been clearly established by determinations on
each lot tested that typical deformation height, gap, or spacing do not conform to the minimum
requirements prescribed in Section 7. No rejection may be made on the basis of measurements if
fewer than ten adjacent deformations on each side of the bar are measured.

9. TENSILE REQUIREMENTS

9.1. The material, as represented by the test specimens, shall conform to the requirements for tensile
properties prescribed in Table 4 [Table 5].

9.2. The yield point or yield strength shall be determined by the offset method (0.2 percent offset),
described in Section 13.2 of T 244. When material is furnished in coils, the test sample must be
straightened prior to placing it in the jaws of the tensile machine. Straightening shall be done
carefully to avoid the formation of local sharp bends and to minimize cold work. Insufficient
straightening before attaching the extensometer can result in lower-than-actual yield strength
readings.

9.3. The percentage of elongation shall be as prescribed in Table 4 [Table 5] when tested in accordance
with Section 13.4 of T 244.

Table 4—Tensile Properties Requirements, SI Units

Grade 420 Grade 520 Grade 690
Tests of Full Bar Cross Section
Tensile strength, min, MPa 620 690 1030
Yield strength, min, MPa 420 520 690
Elongation in 203.2 mm, min %:
Bar designation no.:
10 9 7 7
13,16 9 7 7
19 9 7 7
22,25 8 7 7
29, 32,36 7 7 7
43,57 7 6 6
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Table 5—Tensile Properties Requirements, U.S. Customary Units

Grade 60 Grade 75 Grade 100
Tests of Full Bar Cross Section
Tensile strength, min, psi 90,000 100,000 150,000
Yield strength, min, psi 60,000 75,000 100,000
Elongation in 8 in., min %:
Bar designation no.:
3 9 7 7
4,5 9 7 7
6 9 7 7
7,8 8 7 7
9,10, 11 7 7 7
14,18 7 6 6
10. BENDING REQUIREMENTS
10.1. The bend-test specimen shall withstand being bent around a pin without cracking on the outside of

the bent portion when tested in accordance with T 285. The requirements for angle of bending and
sizes of pins are prescribed in Table 6 [Table 7]. When material is furnished in coils, the test
sample must be straightened prior to placing it in the bend tester.

Table 6—Bend-Test Requirements, SI Units

Grade 420 Grade 520 Grade 690

Bar Designation No. Pin Diameter for Bend Tests”
10,13, 16 3.5d" 3.5d 3.5d
19 5d 5d 5d
22,25 5d 5d 5d
29, 32,36 7d 7d 7d
43,57 (90°) 9d 9d ¢

a

Test bends 180° unless otherwise agreed.

b d=nominal diameter of specimen

c

These bars are only used in straight lengths.

Table 7—Bend-Test Requirements, U.S. Customary Units

Grade 60 Grade 75 Grade 100

Bar Designation No. Pin Diameter for Bend Tests”
3,4,5 3.5d" 3.5d 3.5d
6 5d 5d 5d
7,8 5d 5d 5d
9,10, 11 7d 7d 7d
14, 18 (90°) 9d 9d ¢

a

Test bends 180° unless otherwise agreed.

»  d=nominal diameter of specimen

¢

These bars are only used in straight lengths.

10.2. The bend test shall be made on specimens of sufficient length to ensure free bending and with an
apparatus that provides:

10.21. Continuous and uniform application of force throughout the duration of the bending operation.
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10.2.2. Unrestricted movement of the specimen at points of contact with the apparatus and bending
around a pin free to rotate.

10.2.3. Close wrapping of the specimen around the pin during the bending operation.

10.3. Other acceptable more severe methods of bend testing, such as placing a specimen across two pins
free to rotate and applying the bending force with a fixed pin, may be used. When failures occur
under more severe methods, retests shall be permitted under the bend-test method prescribed in
Section 10.2.

1. COMPARATIVE CORROSION RESISTANCE PERFORMANCE
(PURCHASER SPECIFIED)
11.1. Comparative corrosion performance data for chromium containing steels (e.g., ASTM

A 955/A 955M and ASTM A 1035/A 1035M) shall be furnished, based on mutual agreement
between the manufacturer and the purchaser, as described in Annex A.

12. PERMISSIBLE VARIATION IN MASS [WEIGHT]

12.1. The permissible variation shall not exceed 6 percent under nominal mass [weight] except for bars
smaller than 9.5 mm [*/g in.] plain round. The permissible variation in mass [weight] shall be
computed upon the basis of the permissible variation in diameter in ASTM A 510M [ASTM
A 510]. Reinforcing bars are evaluated on the basis of nominal mass [weights]. In no case shall the
overmass [overweight] of any bar be the cause for rejection.

12.2. The specified limit of variation shall be evaluated in accordance with ASTM E 29 (rounding
method).

13. FINISH

13.1. The bar shall be free of detrimental surface imperfections.

13.2. Seams, surface irregularities, or mill scale oxidation shall not be cause for rejection, provided the

weight, dimensions, cross-sectional area, and tensile properties are not less than the requirements
of this specification.

13.3. Surface imperfections other than those specified in Section 13.2 shall be considered detrimental
when specimens containing such imperfections fail to conform to either tensile or bending
requirements. Examples include but are not limited to laps, seams, scabs, slivers, cooling or
casting cracks, and mill or guide marks (Note 6).

Note 6—Deformed bars intended to be mechanically spliced or butt-welded may require a certain
degree of roundness in order for the splices to adequately achieve strength requirements.

14. TEST SPECIMENS

14.1. Tension test specimens shall be the full section of the bar as rolled. The unit stress determinations
on full-sized specimens shall be based on the nominal bar area.

14.2. The bend-test specimens shall be the full section of the bar as rolled.
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15. NUMBER OF TESTS

15.1. For bar sizes No. 10 to 36 [No. 3 to 11], inclusive, one tension test and one bend test shall be made
of the largest size rolled from each heat. If, however, material from one heat differs by three or
more designation numbers, one tension and one bend test shall be made from both the highest and
lowest designation number of the deformed bars rolled.

15.2. For bar sizes No. 43 and No. 57 [No. 14 and No. 18] bars, one tension test and one bend test shall
be made of each size from each heat.

16. RETESTS

16.1. If any tensile property of any tension test specimen is less than that specified, and any part of the
fracture is outside the middle third of the gauge length, as indicated by scribe marks on the
specimen before testing, a retest shall be allowed.

16.2. If the results of an original tension specimen fail to meet the specified minimum requirements and
are within 14 MPa [2000 psi] of the required tensile strength, within 7 MPa [1000 psi] of the
required yield point, or within 2 percentage units of the required elongation, a retest shall be
permitted on two random specimens for each original tension specimen failure from the lot. If all
results of these retest specimens meet the specified requirements, the lot shall be accepted.

16.3. If a bend test fails for reasons other than mechanical reasons or flaws in the specimen as described
in Sections 16.4 and 16.7, retest shall be permitted on two random specimens from the same lot. If
the results of both test specimens meet the specified requirements, the lot shall be accepted. The
retest shall be performed on test specimens that are at air temperature but not less than 16°C
[60°F].

16.4. If a mass [weight] test fails for reasons other than flaws in the specimen as described in
Section 16.7, a retest shall be permitted on two random specimens from the same lot. Both retest
specimens shall meet the requirements of this specification.

16.5. If any test specimen fails because of mechanical reasons such as failure of testing equipment or
improper specimen preparation, it may be discarded and another specimen taken.

16.6. If a corrosion resistance test fails for reasons other than flaws as described in Section 16.7, a retest
shall be permitted on two random specimens from the same lot. Both retest specimens shall meet
the requirements of this specification.

16.7. If any test specimen develops flaws, it may be discarded and another specimen of the same size
bar from the same heat may be substituted.

17. INSPECTION

17.1. The inspector representing the purchaser shall have free entry, at all times, while work on the
contract of the purchaser is being performed, to all parts of the manufacturer’s works that concern
the manufacture of the material ordered. The manufacturer shall afford the inspector all reasonable
facilities to satisfy him or her that the material is being furnished in accordance with this
specification. All tests (except product analysis) and inspection shall be made at the place of
manufacture prior to shipment, unless otherwise specified, and shall be so conducted as not to
interfere unnecessarily with the operation of the works.
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17.2. For Government Procurement Only—Except as otherwise specified in the contract, the contractor
is responsible for the performance of all inspection and test requirements specified herein and may
use his or her own or any other suitable facilities for the performance of the inspection and test
requirements specified herein, unless disapproved by the purchaser at the time of purchase. The
purchaser shall have the right to perform any of the inspections and tests at the same frequency as
set forth in this specification, where such inspections are deemed necessary to assure that material
conforms to prescribed requirements.

18. REJECTION

18.1. Unless otherwise specified, any rejection based on tests made in accordance with Section 6.3 shall
be reported to the manufacturer within five working days from the receipt of samples by the
purchaser.

18.2. Material that shows injurious defects subsequent to its acceptance at the manufacturer’s works will

be rejected, and the manufacturer shall be notified.

19. REHEARING

19.1. Samples tested in accordance with Section 6.2 that represent rejected material shall be preserved
for two weeks from the date rejection is reported to the manufacturer. In case of dissatisfaction
with the results of the tests, the manufacturer may make claim for a rehearing within that time.

20. TEST REPORTS
201. Test reports should include the following:
20.1.1. Chemical analysis, including percentages of carbon, chromium, copper, manganese, molybdenum,

nickel, nitrogen, phosphorus, silicon, sulfur, and vanadium;

20.1.2. Tensile properties;

20.1.3. Bend test;

20.1.4. Comparative corrosion performance data (if appropriate); and

20.1.5. Qualification Test—Annex A (Purchaser specified) with chemical analysis tolerances conforming

to Section 6.2.

21. MARKING

21.1. When loaded for mill shipment, bars shall be properly separated and tagged with the
manufacturer’s heat or test identification number.

21.2. Each producer shall identify the symbols of his marking system.

21.3. All bars produced to this specification, except plain round bars, which shall be tagged for grade,

shall be identified by a distinguishing set of marks legibly rolled into the surface of one side of the
bar to denote, in the following order:

21.3.1. Point of Origin—TLetter or symbol established as the producer’s mill designation.
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21.3.2. Size Designation—Arabic number corresponding to bar designation number of Table 2 [Table 3].
21.3.3. Type of Steel—Letters “CS” indicating that the bar was produced to this specification.

21.3.4. Minimum Yield Designation—For Grade 420 [60] bars, either the number 4 [60] or a single
continuous longitudinal line through at least five spaces offset from the center of the bar side. For
Grade 520 [75] bars, either the number 5 [75] or two continuous longitudinal lines through at least
five spaces offset each direction from the center of the bar. For Grade 690 [100] bars, either the
number 6 [100] or three continuous longitudinal lines through at least five spaces offset each
direction from the center of the bar.

21.3.5. It shall be permissible to substitute a metric size bar of Grade 420 for the corresponding inch-
pound size bar of Grade 60, a metric size bar of Grade 520 for the corresponding inch-pound size
bar of Grade 75, and a metric size bar of Grade 690 for the corresponding inch-pound size bar of

Grade 100.

22, PACKAGING

221. When specified in the purchase order, packaging shall be in accordance with the procedures in
ASTM A 700.

22.2. For Government Procurement Only—When specified in the contract or order, and for direct

procurement by or direct shipment to the U.S. government, material shall be preserved, packaged,
and packed in accordance with the requirements of MIL-STD-163. The applicable levels shall be
as specified in the contract. Marking for shipment of such material shall be in accordance with
Fed. Std. No. 123 for civil agencies and MIL-STD-129 for military agencies.

23. KEYWORDS
23.1. Alloy steel bars; concrete reinforcement; corrosion-resistant; deformations (protrusions); dowels.
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